Host resistance to microbial infection integrates two major and overlapping defense systems, innate and adaptive immunity. Intracellular pathogens can quickly relay activation signals that stimulate non-specific humoral and cellular effector responses in the infected host. Assisted by these innate defense responses, the rate of microbial growth is delayed for several days, while the adaptive branch of immunity gets prepared to confront the pathogen on the long term. The infection can only persist when the organisms succeed to counteract the selective pressure imparted by immune effector cells and/or antibodies. In the case of chronic viral infections, immune subversion is often targeted against intracellular pathways involved in antigen processing and/or presentation by class I MHC molecules.
In the case of T. cruzi, the mechanisms which enable their persistent growth in mammalian tissues were not characterized. As discussed later in this text, there are reasons to think that the molecular diversity of T. cruzi organisms may affect the dynamics of tissue and organ involvement. This is supported by recent evidences showing that acute infection with parasite stocks pertaining to different genotypic groups induce distinct histopathology patterns in acutely infected mice (de Diego et al. 1998) Recently confirmed by research in genetic epidemiology (Souto et al. 1996 , Brisse et al. 1998 , the concept that T. cruzi has a multiclonal descent was earlier proposed on the basis of isoenzyme (Miles et al. 1978 , Romanha et al. 1979 , Ready et al. 1980 , Tibayrenc et al. 1986 ) and fingerprint analysis of k-DNA (Morel et al. 1980) . While not excluding the importance of host genetics as a determinant of host susceptibility in vivo (Trischman et al. 1978) , studies performed with laboratory strains of T. cruzi (Brener 1965 , Andrade & Andrade 1966 , Mello & Brener 1978 and also with parasite clones (Postan et al. 1983 , de Diego et al. 1998 , Macedo & Pena, 1998 suggested that the variable expression of Chagas disease may be influenced, at least to some extent, by the genetic and biological diversity of the T. cruzi clones which circulate in sylvatic and domestic reservoirs.
In spite of the poor knowledge about the innate responses which metacyclic trypomastigotes stimulate in wound mucosal tissues, this defense system should be fully operative by the time the first cycles of intracellular infection are completed. Once released from disrupted cells, the trypomastigotes spread the infection via the bloodstream and/or lymphatics. At this early stage of infection, a wide range of non-phagocytic host cells can be invaded by the trypomastigotes, but host cell target preference can differ markedly from one parasite clone to another due to the variable composition and expression levels of their cell surface adhesion molecules, some of which are highly polymorphic (Affranchino et al. 1989 , Tackle & Cross 1991 , Colli 1993 , Schenckman et al. 1994 , Giordanno et al. 1994 , Pereira et al. 1996 , Salazar et al. 1996 or due to differential signaling ability of the invading parasite clones (Ming et al. 1995 , Burleigh & Andrews 1998 .
The survival strategies of the sub-populations of T. cruzi clones which preferentially invade mononuclear phagocytic cells (reticulotropic parasites) are not sufficiently well characterized. These parasite sub-populations must either inhibit macrophage activation or somehow protect themselves from their microbicidal machinary in order to survive in genetically resistent host. As true for other intracellular pathogens, innate immunity against T. cruzi depends on the release of γ-IFN by NK cells (Aliberti et al. 1996 , Cardillo et al. 1996 . In genetically resistant strains, the onset of this T cell independent pathway depends on IL-12 production by activated macrophages and appears to be stimulated by tGPI-mucins, a potent class of proinflammatory molecules expressed by trypomastigotes and by amastigotes (Camargo et al. 1997) . Synergized by TNF-α (Munoz-Fernandez et al. 1992) , γ-IFN induces a heightened state of microbicidal activation of macrophages in genetically resistant animals, at least so during the first days of infection. The mechanisms by which activated macrophages ultimately exert their anti-parasite activity is somewhat controversial, but there are indications the production of nitric oxide (NO) metabolites is critically involved (Gazzinelli et al. 1992) . As for the innately susceptible inbred mice strains, their response to infection is dominated by the macrophage down-regulatory cytokines IL-10 or TGF-β , Gazzinelli et al. 1992 . Interestingly, recent evidences suggest that factors leading to the accumulation of cyclic AMP by macrophages may down-regulate the pro-inflammatory response which tGPI-mucins otherwise stimulate in such cells (Procopio et al. 1999) ; under these conditions, tGPI-mucins can upregulate IL-10 expression by macrophages, thereby inhibiting the synthesis of both IL-12(p40) and TNF-α. In short, parasite factors which induce the accumulation of c-AMP may convert a potentially resistant macrophage into a highly susceptible target cell.
In contrast to parasite clones that preferentially invade macrophages, the sub-populations that invade non-phagocytic cells in the first days of infection will grow undisturbed because CTL effectors are not as yet prepared to act. The necrosis caused by host cell death is extensive and may involve multiple tissues and organs (Lenzi et al. 1996 , Cotta de Almeida et al. 1977 . Inflamed tissues are exposed to high amounts of parasite antigens, either released by extracellular parasites or leaked from killed organisms. Once captured by immature dendritic cells, these antigens are transported to the proximal draining lymph nodes. After upregulating their MHC molecules, the matured dendritic cells present the MHC-bound peptide antigens to naive CD4 + and CD8 + T cells. Depending on the genetic background of the individual, on the antigen load and on the cytokine balance, the functional characteristics of CD4 + T cells primed by dendritic cells can be rapidly polarized under the influence of type 1 or type 2 stimulating cytokines (IL-12 and IL-4, respectively). Driven by inflammatory chemokines, these circulating CD4 + Th1 and CD8 + T (Tc1) attach to the vascular adhesins expressed by activated endothelial cells (Kumar & Tarleton 1998) and are recruited into the inflamed tissues. Upon antigen-stimulation, these effectors T cells secrete γ-IFN and TNF-α (Russo et al. 1988 ) and/or directly kill the class I MHC infected targets by apoptosis (Kumar & Tarleton 1998 ).
RELATIVE ROLES OF T CELLS AND ANTIBODIES IN ADAPTIVE IMMUNITY
After two decades of intense investigation, the relative contribution of B or T cells in acquired resistance was clarified (Tarleton et al. 1992 , Kumar & Tarleton 1998 . Mice with B cell deficiency showed increased mortality rates at late stages of infection, indicating that antibody production, although secondary in importance to cellular immunity, is nonetheless important to acquired resistance as suggested by early studies performed by Krettli and Brener (1982) . Interestingly the B cell deficient mice showed a delayed rise in the acute parasitaemia, suggesting that antibodies may actually enhance parasite virulence in early stages of infection. Depending on the isotype and antibody specificities stimulated early in the antibody response, opsonization may occur, thereby enhacing the uptake of the parasite by macrophages (Lages- Silva et al. 1987) . At times when mac-rophage activation is transiently blocked by Th2-type of cytokines (refer to the abortive cycles of amastigote replication, later in this text), opsonization may increase rather than diminish the parasite load. In contrast to B cell knockouts, mice lacking class I or class II MHC-restricted T cells died during the acute phase of the infection with the Brazil strain. Not surprisingly, the infection was even worsened in animals that were deficient in both class I and class II MHC expression. Interestingly, the tissue inflammatory responses were absent in mice with the MHC-II class deficiency and the animals succumbed to infection due to high parasite load. Taken together, these studies have demonstrated that effector CD4 + and CD8 + T cells are critically involved in the acute control of T. cruzi infection. Similar processes may occur in humans, given the evidence that HLA-A2 + chagasic patients (indeterminate form) often display antigen-specific CD8 + CTL in their peripheral blood (Wizel et al. 1998) . The molecular mechanisms of target cell killing was recently investigated in infected mice (Kumar & Tarleton 1998) . These authors showed, somewhat unexpectedly, that mice with targeted deletion of genes encoding for perfurin or granzyme B could control T. cruzi (Brazil strain) infection as efficiently as wild type animals. Their data suggest that class I MHC restricted CD8 + T cells may kill T. cruzi infected targets using the Fas/Fas L interaction system, or alternatively engage TNF-α and IFN-γ cytokines in this process.
T. CRUZI PROTEASES AS FACTORS OF VIRULENCE AND PATHOGENICITY
In spite of the evidence indicating that tissue parasite burden correlates with the intensity of focal immunopathology, non-infected cells are sometimes also damaged in the proximity of the primary site of infection (Andrade ZA, this volume) . Ribeiro dos Santos and Hudson (1980) were the first to propose that the passive adsorption of T. cruzi antigens onto certain types of non-infected host cells may render them susceptible to bystander antibody-dependent cellular cytotoxicity (ADCC). In addition to being possibly involved in the peripheral neuropathy which occurs in the acute phase (Koberle et al. 1968) , ADCC may be involved in the microangiopathy which develops in acutely infected dogs (Andrade et al. 1994) . Although the molecular basis of these lesions is still unknown, recent studies on the cysteine-proteinases of the cruzipain family (Cazzulo et al. 1989 , Murta et al. 1990 , Eakin et al. 1992 , Meirelles et al. 1992 , McKerrow et al. 1995 may offer new clues to investigate the underlying mechanisms. Originally identified because of their antigenic properties in chagasic patients (Scharfstein et al. 1983 , Murta et al. 1990 , Gazzinelli et al. 1990 , Arnholdt et al. 1993 , Morrot et al. 1997 , the members of the cruzipain family consist of a heterogeneous group of closely related proteinase isoforms (Lima et al. 1994 ) encoded by about 130 genes (Campetella et al. 1992) . The expression of the major isoform (cruzipain) is upregulated when the invading trypomastigotes transform into intracellular amastigotes (Tomas & Kelly 1996) and this process is accompanied by increased cell surface expression. It is thus conceivable that the amastigotes, once released into interstitial spaces, may use the cell surface cruzipain isoenzymes to degrade the adjacent extracellular matrix (ECM). By doing so, the parasite may prevent or disrupt ECM-interactions with TNF-α, chemokines and other inflammatory mediators involved in the recruitment and/or activation of immune cells T cells (Gillat et al. 1996) . Cruzipain is worth studying in this context ( Fig. 1) , because antigenic deposits of this antigen were recently identified in sites of myocardial inflammation, in autopsies from patients with severe chronic cardiomyopathy (Morrot et al. 1997) . Given that some of the cruzipain isoenzymes are stable and enzymatically active in neutral-acid pH, we reasoned that their half-life in extracellular tissues would possibly depend on the levels of host proteinase inhibitors which permeate inflammatory sites. We thus sought to investigate the immunological implications of cruzipain interactions with α2-Macroglobulin, a non-specific plasma proteinase inhibitor (Morrot et al. 1997) . In view of previous evidences indicating that CD4 + T cells from chagasic patients responded to cruzipain (Arnholdt et al. 1993) , we verified if the functional inactivation of the proteinase by α2M could influence the efficiency of antigen presentation and processing by human monocytes. Our studies revealed that monocytes engage a highly endocytic scavenger receptor expressed by monocytes (CD91 or LRP/α2MR) to rapidly internalize α2M-cruzipain complexes. The enhanced endocytic uptake of cruzipain-complexes ultimately favor increased intracellular processing and presentation of cruzipain peptides to CD4 + T cells (Morrot et al. 1997) . Because α2M binds to cell surface proteinases from amastigotes (Coutinho et al. 1997) , it is conceivable that the multifunctional LRP/α2MR scavenger receptor may promote the uptake of amastigotes coated with α2M ligated to cruzipain, in ways that are reminiscent of mechanisms recently described for the macrophages' mannose receptor (Khan et al. 1995) . In both cases, the efficiency of antigen-presentation of amastigotes epitopes to T cells may be potentiated. In short, our studies illustrate how interactions between parasite proteinases and host inhibitors may integrate elements of innate defense systems with those in charge of acquired immunity.
As a follow-up from the studies involving α2M, we turned our attention to kininogen (HK or LK), both of which are members of the cystatin superfamily of cysteine proteinase inhibitors (Barret et al. 1986 ). In addition to the cystatin-like domains, these multifunctional plasma glycoproteins (HK) participates in the activation of the intrinsic pathway of coagulation and modulate platelet activation by thrombin. Important to our discussion, HK or LK are the parent substrate molecules from which bradykinin or lysil-bradykinin are released, upon proteolytic cleavage respectively by plasma or tissue kallikrein (Bhoola et al. 1992 ).
Kinins are short-lived peptides which engage distinct subtypes of G-protein coupled (GPC) kinin receptors in a wide spectrum of biological processes, such as modulation of neuronal activity (Higashida et al. 1990) , cell proliferation and vascular permeability (Bhoola et al. 1992 ), smooth muscle contraction or relaxation (Monbouli & Vanhoutte 1995) . Depending on the host cell, kinin signaling is transduced by GPC-receptors that are either expressed constitutively (B2) or are induced (B1) during anoxia or noxious stimuli (Regoli 1980 , Burch & Kyle 1992 .
The initiative to investigate the relationship of T. cruzi with the kinin system was initially motivated by enzymatic specificity studies carried out with cruzipain 2 (Lima et al. 1994 ), a minor isoform whose recombinant form was only recently expressed in S. cerevisae. After noting that its substrate specificity somewhat resembled that of tissue kallikrein, we were able to demonstrate that these isoforms could act as kinin-releasing enzymes. (Del Nery et al. 1997) , although with different efficiency. On a first look, the finding that cruzipain was able to proteolyze HK/LK seemed paradoxical because these plasma glycoproteins were previously reported to inactivate cruzipain by means of their tight-binding cystatin domains (Stoka et al. 1995 , Scharfstein et al. 1995 . Clues to understand the mechanism of kinin-release emerged when the Ki's obtained for HK were determined for different isoforms of cruzipain: interestingly, we observed that r-cruzipain 2 was markedly less sensitive to inhibition by HK as compared to cruzain (Lima et al. in preparation) the archetype from the cruzipain family (McKerrow et al. 1995) . Our data suggest that the kininogenase activity of T. cruzi cysteine-proteinases might have evolved due to structural diversification of the catalytic site of some isoforms, such as cruzipain 2. Notably, in the same study (Del Nery et al. 1997) we also showed that cruzipain could generate bradykinin indirectly, that is, by converting the plama prekallikrein zymogen in active kallikrein. In a parallel study, we used intravital microscopy to verify if the topical application of purified cruzipain on the hamster cheek pouch could stimulate increases in vascular permeability (Svensjo et. 1997) . Potent responses were indeed observed, suggesting that T. cruzi may use cruzipain isoezymes to generate kinins upon cellular contact with endothelial cells (Fig. 1) . Ongoing studies in mice with targeted deletion of kinin-receptors should confirm if this hemoflagellate actively engages the kallikrein-kinin system to migrate across non-fenestrated blood capillaries.
The role of T. cruzi-induced kinin release in the pathogenesis of chronic heart disease, previ- The illustration depicts the multifunctional roles that cruzipainisoforms may play when tissues are exposed to parasites which were prematurely released from dead target cells. Expressed in high levels by amastigotes, cruzipain was recently identified in sites of myocardial inflammation in autopsies obtained from patients with chronic cardiomyopathy (Morrot et al. 1997 ). Cruzipain-isoforms secreted or leaked into interstitial spaces can (i) trigger humoral and cellular immune responses (Scharsftein et al. 1983 , Arnholdt et al. 1993 ); (ii) degrade adjacent ECM; (iii) promote the release of vasoactive kinins (Del Nery et al. 1997) . These processes can be, to some extent, modulated by interactions with host proteinase inhibitors which permeate the inflammatory site. Cruzipain complexes with α2M potentiate CD4 + T cell responses (Morrot et al. 1997) . Vasoactive kinins can be generated upon proteolytic processing of kininogen (Del Nery et al. 1997) . Triggering of B1/B2 subtypes of G-protein coupled kinin-receptors expressed by vascular endothelial cells or smooth muscle can increase the permeability of post-capillary venules (Svensjo et al. 1997 ) and induce vasodilation. The induction of NO and/or PGE2 by endothelial cells and macrophages may down-regulate the inflammatory response in lymphoid tissues.
ously suggested on the basis of animal studies (Morris et al. 1990 , Rossi 1990 ) is worth exploring. In a detailed three-dimensional confocal microscopy analysis of post-necropsy heart specimens derived from chronic chagasics autopsies, Higuchi et al. (1999) have noted extensive abnormalities of cardiac microcirculation as well as in the interstitial matrix patterns of myocardial tissues. Peculiar lesions, often manifested as arteriolar dilatation and capillary vessel tortuosity, were described, being thus far vaguely attributed to fibrosis and/or to as yet uncharacterized lesions induced by the parasites. Apart from initial studies looking at effects of desialilation by TS enzymes (Libby et al. 1986) , little is known about the biochemical basis of T. cruzi interaction with endothelial cells (Morris et al. 1990 ). As discussed earlier in this section, the realization that cruzipain-isoenzymes are capable of releasing pro-inflammatory kinins offers a new experimental framework to investigate the pathophysiological consequences of long-term stimulation of myocardial capillaries by vasoactive kinins. Our description of cruzipain effects on the microcirculation of the hamster cheek pouch (Svensjo et al. 1977) suggest that merely a few parasites may suffice to generate vasoactive kinins, thereby provoking plasma exudation from vicinal capillaries (Fig. 2, bottom panel) . Similar processes, perhaps involving NO released by endothelial or smooth muscle cells may underlie the neuronal lesions observed in the acute stage of infection.
SUBVERSION OF THE CLASS I MHC PATHWAY OF ANTIGEN PRESENTATION IN T. CRUZI INFECTED CELLS
During microbial infection, host class I or class II molecules encoded by polymorphic MHC genes bind to antigenic peptides (T epitopes) produced by the invasor. Once associated with the appropriate MHC allele product, the peptide:MHC complex is targeted to the cell surface of the infected cell, where it is "presented" to naive or effector T cells. The intracellular pathways that generate small antigenic peptides by proteolytic processing and then enable MHC loading are collectively referred as antigen processing and presentation system. In the past years, the multiple checkpoints that are sensitive to attack by virus and other intracellular parasites were characterized. In general terms, the viral products may target elements controlling (i) antigen-proteolysis by proteosomes, (ii) peptide transport to the ER (iii) MHC assembly and/or sorting and (iv) surface expression of class I MHC:peptide complexes.
As shown in mice, the analysis of HLA-A2-restricted CTL specificities in the peripheral blood of chagasic patients has identified different members of a subfamily of TS-related antigens as killer cell targets (Wizel et al. 1997 , Low et al. 1997 : two originating from amastigote-derived antigens, ASP-1 and ASP-2, and one from trypomastigotespecific antigen, TSA-1. Teleologically, the usage of a vast array of polymorhic T. cruzi proteins as parent substrates for the proteosomal proteases makes sense because this should increase opportunities for epitope loading of the highly diverse MHC-class I products that exist in genetically outbred populations. In other words, had the antigen variability involved exclusively single genes, the parasite sub-populations which display variant sequences should have increased chances to escape from detection. Thus, structural variability imported by multi-copy polymorphic genes may have been advantageous to host-parasite equilibrium because it should reduce the excessive risk associated with the growing diversification of parasite sub-populations.
The maneuvers which some T. cruzi clones use to subvert the class I presentation pathway are not clarified as yet. In a recent study focusing on class II MHC restricted CD4 + responses of inbred mice, Kahn and Wlekinski (1997) offered insight into this problem. They showed that the simultaneous expression of individual antigens from polymorphic TS subfamily may limit the availability of processed epitopes from each antigen below the threshold level required to stimulate a protective IFN-γ response against the parasite. It will be interesting to know if similar mechanisms may allow for parasite escape from detection by class I-MHC restricted killer T cells. Admittedly, however, antigen variation per se may not ensure protection to parasites that are multiplying in host cells from genetically outbred individuals (e.g. dogs and humans), because in such cases antigen-presentation can involve a more diversified array of MHC allelic products. As discussed in the next section, there are reasons to think that amastigotes may be equipped with the molecular machinery required to subvert the class I MHC presentation pathway.
T. CRUZI CLONAL DIVERSITY AND AMASTIGOTE EVASION MECHANISMS
Target recognition of amastigote-antigens by class I MHC killer CTL is likely the most effective means to curtail the progression of intracellular infection, because cell death would occur before the parasites can transform into infective trypomastigotes. The selective pressure which these killer T cells exert on the intracellular amastigotes must be particularly strong in individuals from genetically outbred populations. Because the rates of intracellular division and transforming efficiency of amastigotes vary significantly among different clones (Dvorak & Hyde 1973 , Revollo et al. 1998 ), the host cell ability to generate antigenic peptides to class I MHC molecules may be subjected to similar constraints. Perhaps a given subpopulation of amastigote clones may be more apt to subvert the class I MHC presentation pathway if they multiply slowlier. By reducing their metabolism, the availability of amastigote antigens (e.g., ASP) in the host cell cytoplasm may be also decreased; under these conditions, antigenic peptides from the slowly growing amastigotes (latent forms) may not reach the threshold required to load class I MHC molecules. Conversely, sub-populations of amastigote clones which exhibit high rates of amastigote division should be able to release high contents of polymorphic antigens into the cytosol, thus allowing for efficient presentation of antigenic peptides at the target cell surface. It is thus conceivable that tissues from chronically infected outbred individuals may harbor a small number of slowly dividing clones that tend to escape from amastigote-specific killer T cells. As discussed later on, we propose that these parasite subpopulations may contribute to the exacerbation of immunopathology. Of course, parasite clones that sustain a high levels of proliferation may also succeed at subverting the class I MHC pathway, but in this case they must actively block antigen proteolysis, peptide transport or cell surface exposure of the class I MHC:peptide complex at the target cell surface, by analogy to mechanisms described for virus.
DUAL ROLE OF TRYPOMASTIGOTE-SPECIFIC KILLER T CELLS
On a first impression, the ability of CTL to kill non-phagocytic targets which harbor intracellular trypomastigotes would seem to be a redundant process, because most of the infective parasites should be anyway released into the extracellular fluids upon host cell burst. However, target cell death by apoptosis should be advantageous to the host , inasmuch as this mechanism would spare host tissues from the detrimental effects of necrosis that would otherwise occur if the target cells collapse due to excessive numbers of parasites. Since mutual destruction is not a fruitful evolutionary strategy, it is unlikely that host cell apoptosis also destroys all the intracellular parasites. During stages of chronic infection, the large majority of infected cells should harbor parasites derived from a single parasite clone. Since amastigote division proceeds asynchronously (Dvorak & Hyde 1973) , the clones which succeed at subverting the class I antigen presentation pathway should gradually transform into trypomastigotes. The trypomastigote specific CTL may then attack the target cells as soon as the antigenic peptide epitopes (originating from TS-related or other dominant antigens) reach the threshold required for class I MHC presentation. Although the rates of MHC-loading and surface expression may vary from one type of host cell to another, it is reasonable to predict that the most infected target cells should still harbor some intracellular amastigotes by the time the trypomastigote-specific CTL induced death by apoptosis. Killing at early stages of trypomastigote-transformation makes sense because the antigen presentation machinery may not be functional at later stage of the intracellular cycle. Therefore, an early attack by trypomastigote-specific killers is the best possible compromise between the host and the parasite, because the release of just a few intracellular trypomastigotes should suffice to ensure long term survival of both. According to this model, the extent to which tissues are exposed to prematurely released amastigotes should be critically influenced by the time course of target cell recognition by trypomastigote specific killer T cells. In short, we predict that high numbers of prematurely released amastigotes should be exposed to tissues when (i) the class I MHC presentation of amastigote-antigens is subverted or, alternatively, when amastigote-specific CTL are either deleted or down-regulated, (ii) trypomastigote-specific killers attack host cells as soon as the trypomastigotes are transformed. Our model sustains that pathogenic sub-populations of trypomastigote clones should maximize (rather than minimize, as postulated for amastigotes) antigen presentation by the class I MHC presentation pathway.
ABORTIVE-CYCLES OF AMASTIGOTE REPLI-CATION: ROLE OF CLASS I MHC-KILLER T CELLS
As discussed above, trypomastigote specific killer T cells can abort the intracellular development of a fraction of the parasites. Once released to extracellular spaces, the trypomastigotes tend to move away from the primary foci of infection, while the non-motile extracellular amastigotes [which resist C' mediated lysis (Iida et al. 1989)] tend to accumulate in the proximity of the primary site of infection (Fig. 2) . Of necessity, there is only one obvious pathway that may permit the survival of these extracellular amastigotes: the maintenance of a suppressive environment, due to the activity of TGF-β or IL10, or other mediators. If spared from death, the amastigote may leave the parasitophorous vacuole and lodge in the cytosol, where they actively proliferate (Ley et al. 1988) . As previously discussed, we postulate that some amastigote clones may succeed in subverting the class I MHC presentation pathway. Hence, the killing of target cells by CTL (secreting type 2 cytokines, Tc2) specific for trypomastigote peptides may release a substantial number of amastigotes into the interstitium. New cycles of abortive replication may ensue, as the extracellular amastigotes infect macrophages that are recruited into the primary site of infection. Our model (Fig. 2) predicts that the ultimate fate (death or replication) of the intracellular amastigotes lodged in the macrophages should be determined by the local balance between cytokines released by activated Th1 or Tc1 (eg. IFN-γ, TNF-α) and macrophage down-regulatory cytokines (IL-10 and TGF-β) released by Tc2/Th1cells or by equivalent cytokines released by Tc2 CD8 + lymphocytes. As discussed earlier in this text, macrophage stimulation by parasite-factors which induce PGE2 may down-regulate the pro-inflammatory response otherwise elicited by by t-GPI-mucins (Procopio et al. in press) .
In the acute infection, the tissue parasite load in lymphoid organs, such as the spleen, is initially high but it tends to decrease as cellular immune effectors intervene. It is possible that the extracellular amastigotes which are prematurely released from host cells, due to attack by trypomastigotespecific CTL, may somehow contribute to the massive polyclonal activation of lymphocytes (D'Imperio- Lima et al. 1985) and/or to the transient state of non-specific immunosuppression (Teixeira et al. 1978) . Interestingly, there is a close temporal relationship between the drop in tissue parasite load and the onset of the immunoregulatory changes which occur in peripheral lymphoid tissues (Dos Reis 1997). It is thus possible that the pool of spleen CD4 + T cells which undergo activation-induced cell death (AICD) upon in vitro stimulation with anti-CD3 (Dos Reis et al. 1995) is enriched by amastigote-specific CD4 + T cells. The recent demonstration that macrophages exposed to live amastigotes activate CD4 + and CD8 + T cells from lymph nodes and spleen (CauladaBenedetti et al. 1998 ) is consistent with the above mentioned concept. As pointed out by Dos , the polarization of Th2-type responses at late stages of the acute infection may occur due to the elimination of activated Th1-type cells by apoptosis. It will be interesting to determine if the accumulation of amastigote-derived antigens is a pre-requisite for the induction of anergy, clonal deletion and/or Th2-dependent down-regulation of amastigote-specific CD4 + Th1 lymphocytes (Fig.  2, upper panel) . If true, animals or patients which exhibit deficit in trypomastigote-specific CTL (Tc2) would not be able to release substantial numbers of intracellular amastigotes to lymphoid tissues. Under these hypothetical conditions, amastigote-specific CD4 + Th1 cells would not be as efficiently eliminated or down-regulated and the Th1 inflammatory subset would expand, thereby aggravating tissue damage. These general predictions are consistent with recent data suggesting that early immunological events can influence the development of inflammation at chronic stages of infection (Mariano et al. 1999) . Perhaps the hypothesis outlined here (Fig. 2 upper panel) may offer clues to understand the mechanisms underlying the contrasting behavior of the Colombiana-Balb/C model of chronic carditis (Ribeiro dos Santos et al. 1992) . Instead of the CD8 + T cells (anti-parasite) which dominate the chronic myocardial infiltrates in the majority of mice models (Tarleton et al. 1997) as well as in humans , the infection of Balb/C mice with Colombiana favors the induction of autoreactive CD4 + T cell effectors which attack cardiac tissues. According to our model, the Balb/ C animals infected by the Colombiana strain may have failed to efficiently eliminate or down-regulate cross-reactive amastigote-specific Th1 CD4 + cells in lymphoid tissues, perhaps because trypomastigote-specific CD8 + T cells (Tc2) are not functionally active in this model, at least so in the chronic stages of infection. Our hypothesis also predicts that the self-epitopes recognized by these CD4 + Th1 cell clones should cross react with amastigote antigens from the Colombiana strain.
Although the involvement of polarized CD8 + cells from the Tc2 subset has not been demonstrated in T. cruzi infection, in other settings (Cerwenska et al. 1998 ) they were shown to produce IL-4, IL-5 and IL-10, while sustaining the capacity to act as cytotoxic T cells upon re-stimulation. It has been recently proposed that the conversion of Tc1 into Tc2 suppressors depends on the NO releasing activity of macrophages, which is in turn stimulated by Th1 lymphocytes. It is believed that the cytokine profile of Tc2 may ensure that target cell apoptosis proceeds without the characteristic necrosis and tissue injury associated with the activity of CTL from the Tc1 subset (Kolb et al. 1998) . In a recent study of PBMC responses, Bahia-Oliveira et al. (1998) observed that type 2-cytokines predominate in the indeterminate stage of the human disease, while type 1 cytokines are more frequently observed in symptomatic individuals. It will be important to know if Tc2 and Tc1 contribute to these fluctuations, and assess their relationship to the distribution of cellular infiltrates in the myocardial tissues (Higuschi et al. 1993) . . Some amastigote clones can subvert the class I MHC antigen-presentation pathway, thus avoiding immune detection by amastigote-specific killer T cells. As soon as the first trypomastigotes are transformed, peptide-antigens from these forms are generated in the host cell cytoplasm. The peptide:MHC complex is displayed at the cell surface of the macrophages, propitiating the attack by trypomastigote-specific Tc2 killer cells (=). Because amastigote division is asynchronous, the macrophages still harbor several intracellular amastigotes at the time of attack by trypomastigote-specific killer T cells. Extracellular amastigotes are then released to the interstitium, together with a few trypomastigotes. While the trypomastigotes move away from the site of infection, the nonmotile amastigotes stay in the periphery. The extracellular amastigotes are then opsonized and rapidly internalized by tissue macrophages, which are kept suppressed by IL-10 and/or TGF-β released by Th2-type of cells, or by Tc2 effectors. These cytokines again prevents macrophage activation, allowing for amastigote escape into the cytosol, where they start to multiply. Once again, the amastigotes subvert the class I MHC presentation pathway, and consequently, are not recognized by amastigote-specific killer cells. Several rounds of abortive-infection are induced by trypomastigote-specific killers (Tc2) [(SÕ=) ]. This feedback loop may persist for some time, allowing for the build up of amastigote-antigens and pro-inflamatory products inside dead macrophage bodies. It is proposed that the onset of the class I MHC-restricted abortive cycles of amastigote replication in lymphoid tissues (upper panel) may indirectly play a role in immunoregulation (refer to text). In the myocardium (right panel), this pathway may be involved in the exacerbation of the focal inflammatory responses, precipitating the transition from the indeterminate form to the chronic form of the disease. Immunopathology is exacerbated due to the local deposition of antigens and/or proinflammatory products from pathogenic amastigotes. Living amastigotes are not be readily visualized in histological sections because they are constantly released and internalized by macrophages. Multiple molecular factors could contribute to the aggravation of myocardial tissue injury. For example, the kinin-releasing activity of cruzipain isoforms (1) could activate vascular endothelial cells (2), thus increasing vascular permeability (3) and promote plasma exudation (4). At some critical stage, the proinflammatory activity of GPI-mucins (6) could stimulate an incipient wave of Th1-response in the myocardial tissues, which would be promptly followed by a dominant regulatory Th2/Tc2-response (TGF-β, IL6) (5). The arrows linking the two panels highlights the importance of the peripheral lymphoid organ function (left panel) in the maintenance of the immunological homeostasis. Andrade et al. (1997) have recently demonstrated that the canine model accurately reproduces the main features of the indeterminate form of human Chagas disease. They suggested that the heart lesions in the indeterminate stage of the disease are caused by selflimited cycles of focal inflammatory changes, probably determined by subtle shifts in the immunoregulatory activity of effector T lymphocytes. The canine model does not seem to support an obvious role for microvascular lesions in this stage of the disease. In contrast to the progressive nature of he chronic carditis observed in mice, the transition from indeterminate to chronic heart disease in dogs is not gradual. In humans, the distribution of cytokine-producing cells in myocardial tissues revealed that Th2 type cells are usually associated with higher deposition of parasite antigens (Higuchi et al. 1993 .
Peripheral Lymphoid Tissues Myocardium
Here the concept of a "pathogenic" clone is defined in the operational sense: it refers to an opportunistic population of intracellular amastigotes that somehow exploits antigen variation to subvert the class I presentation of target cells which express a given MHC-haplotype. In other words, a pathogenic clone isolated from one chronically infected individual (outbred species) would not necessarily induce pathology in individuals that express a different MHC haplotype. As explained earlier in this article, subversion of class I pathway of antigen presentation should occur more frequently in inbred mice than in humans, or dogs, because the murine host cells only count with a limited number of MHC alleles to counteract the extreme antigen variability of the intracellular parasites. We may thus predict that the "pathogenic" parasite sub-populations are kept at very low numbers in tissue reservoirs because the selective pressure exerted by amastigote-specific killer T cells in heterozygous individuals is very strong. The "pathogenic" clones may only escape from amastigote-specific CTL by infecting suppressed macrophages, the latter state being dictated by the modulatory influence of type-2 cytokines which dominate the PBMC responses of patients during the indeterminate stage of the disease (BahiaOliveira et al. 1998) .
From where do these parasites clones come from? As already mentioned, extracellular amastigotes, once prematurely released from killed target cells in any tissues, may persistently infect resident macrophages, using to this end the alternative pathway of invasion (Ley et al. 1988) . Organs that usually maintain macrophages in a relatively supressed state (eg. adrenal glands, Teixeira et al. 1977 ) may favor the outgrowth of these potentially pathogenic amastigote clones. In a period of a relatively profound immuno-suppression, perhaps the threshold required for amastigote-epitope presentation by the class I presentation pathway is no longer reached in the suppressed macrophage. Because they are not detected by amastigote-specific killer T cells, the intracellular amastigotes can then transform into trypomastigotes. After being recognized by trypomastigote-specific CTL, the target cell is killed, and the parasites are prematurely released into the interstitium. Those that had diffferentiated into trypomastigotes fall into the circulation and eventually reach the myocardium by traversing blood capillaries which already express adhesion molecules (Zhang & Tarleton 1996) . After lodging inside a cardiac fiber, or in a tissue macrophage (Fig. 2 , bottom panel) these parasites again subvert the class I MHC presentation, thus avoiding recognition by amastigotespecific killer T cells. As the first trypomastigotes transform, the target cell is again killed by trypomastigote-specific Tc2 killer T cells. The fraction of intracellular amastigotes that had not transformed into trypomastigotes is then once again released into the interstitium. Successive rounds of invasion and abortive cycles of infection in suppressed macrophages then cause the progressive accumulation of amastigote-antigens and/or their pro-inflammatory products, such as GPI-mucins, inside dead macrophages (apoptotic bodies). In organs that are highly vascularized, such as the heart, cruzipain-isoenzymes secreted or leaked by T. cruzi amastigotes can process kininogen, thus releasing pro-inflammatory kinins. By acting on adjacent endothelial cells, these vasoactive peptides may induce plasma exudation, thereby expanding the inflammatory response, and contributing to interstitial fibrosis. The chemokines released by tissues exposed to tGPI-mucins and other pro-inflammatory mediators might also differently recruit autoreactive CD8 + or CD4 + lymphocytes (Cunha-Neto et al. 1996) into the myocardium, thus aggravating chronic immunopathology.
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